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I -RF~CTSOFADDSTIOmOFFINS TOBUUE TIPS 

ARDROTOR, ADMISSION OF COOLING a TEEWUtXI PART OF 

NOZZIZS, AND CEANG$ ,fN TBXRMAL CONDUCTMTY 

OFTKRBIMECOMPOIEI@S 

By W. Bymn,Brown : 

An analyais wae developed for.calculating the radial tem;~ra-. 
ture distribution in a gas turbine with only the temperaturee of 
the gas a& the cooling air and the mrface heat-transfer coeffi-, 
cients lmown. 51s amlysie was applied to determine the tempera- 
tures of.a complete wheel of a conventional single-stage i~~~pulse 
exhikmt--gas turbine. 5e teq+raturea were first calculated for 
the.case of the 'turbine operating at .design co@itions of speed,, 
gg3 flow, eta. and-with only the o&tommy cool&g arfsing from 
exposure of the outer blade flange and one face of the rotor to 
the air. Calculatiorm were next made for.the caee of fina applied 
to the outer blade flange and the rotor. Finally the effects of 
using pa* of the nozzles (from Olta 40 percent) for sumlying 
cooling air and the effects of vary-lug the metal thermal condos- 
tivity from 12 to 260 Btu per hour per foot per OF on the wheel 
tempratures were determined. The gas.temperaturea at the.nozzle 
box used in the calculation ranged from 16O@F to 20000 F. 

The remits ahowed that if more than a few hlmdred degrees . 
of cooiing of turbine blades are required other means than'indiroct 
qooling with fina on the mtor and outer blade flange would be nec- 
essary. The amount of cooling.tidicated for the type of finning 
ueed could produce so.m improvemnt in efffciency and a large _ 
increase in durability of the wheel. The reeults aleo showed 
that if a large dffference is to exist between the effective 
temperature cf the exhaust gas and that of the blade mater%, 
aa must be the case with present turbine materials aud the high 
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exhaust-gas temperatures desired (20000 F and above), two alternatives 
are suggested:. (a) If metal with a thermal conductivity comparable 
with copper is used, then the biade temperatures can be reduced by 
strong cool&g at both the blade tip and root. The center of the 
blade will be leea than 2dC" F hotter than-the ends; (b) With low 
conductivity materials Borne method of direct cooling other than 
partial admission of cooli% air.Je essential. FRIDI this study, 
it can be deduced that Indirect cool.m,Qf turbine blades will not 
make possible large increase8 in effective ga8 temperature. 

The power end the efficiency of comreseor-turbine units are 
limited by the allowable gas temperature,, which in turn ie restricted 
by the strength and the durability of the first-stage rotor bladea 
where the combination of high temperatures and high stre:saas produces 
the severest strains. Wjth present blade materiala, some method of 
blade cooling is required to permi,t further inctiasee in gas tempera- 
tureB. 

Blades may be cooled (a), indirectly, by reducing the tempera- 
ture at the blade root (wheel rim) or at the blade tip. (either method 
cauaee the blade @self to be cooled by conduction); or (b) directly, 
by forcing air or liquid paat the blade suirfac%e or through pasea&es Y 
within the blade (reference I), 

In the analysis of the cool- of gas turbinee, the effect8 of 
var5ous oooling systeme, types of blade;. thermal conductivitios, 
heat-transfer coefficients, and coolantS on the over-all performance 
of compressor-turbine units and t'he increase in allowable gae tem- 
perature will be csonsidered. L 

In the present report, an analysis for calculating the approxi 
mte radial temperature distribution in:thu components of a gae- 
turbine wheel is preeented in which only the cooling-air and gas 
temperature8 and the aurface heat-transfer coefficients have to be 
known for application. The analy5,ls is applied to determine the 
wheel. temperatures for the oases of customary cooling of the outer 
blade flange and one face of the rotor by air and for addition of 
circumferential fing to the outer bI.ade. flange and the rotor. The 
effecte of using part of the nozzles for-a&nitting cooling air 
(usually called partial admission) and variation of thermal conduc- 
tivity of the m&al. ueed in tho wheel on the temperatures are also 
determined by use of the analysis. The calculations were made for 

. 
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gas temperatures at the nozzle box of 16000 F, 1600° F, and 2000° F, 
them1 conductivities from I.2 to.260 Btu per hour per foot per OF, 
and partial admfsaion of 0001Fng air using 0 percent, 13 Percent, 
26 Percent, and 40 percent of the nozzles. Both fine and partial 
admitiaion of cooling air were used simultaneously. The conductivity 
effect was determined fir& by changing only the blade metal and 
second by changing the metal of the whole wheel. 

Ab 

Ai? 

B, C, D, 
E, G, A 

F 

J, =o 

k 

2 

n 

N 

P 

91 

qo 

91’ 

average croBs-sectional area of blade, (sq f-t) 

average cross-sectional area of rotor, (sq ft) 

integration constanta 
. 

effective mean temperature of cooling air and exhau& 
8=, (OFI 

Beseel functions 

thermal conductivity of metal, (Btu)/(hr)(sq ft)(oF/ft) 

average blade length (excluding flange), (ft) 

ratio of number of nozzlea ueed for cooling air to number 
used for exhaust ga8 

number of blade8 

blade perimeter, (ft) 

heat-transfer coefficient from exhaust gas.to blade, 
(Btu)/bd (ea ft> (OF) 

heat-transfer coefficient from blade flange to cooling 
air, (Btu)/h) (5s ft) (OF) 

apparent heat-tramfer coefficient from hot air to blade 
2h - tb 

flange, 2h Qi? (Btu)/(hd (w, ft) (OF) 
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40’ heat-tramfer coefficient from rotor surface to cooling 
air, (Btu)/(b)fq ft>(OF> 

Qo modifted q. for partial admikeion-of cuolfn@;~air, 
(Btu)/(hr)(& ft)(OF) 

r radial distance from rotationaxis, (ft) 

time heat comes in from exhaust gases (partial admisejon), 
(hr) 

70 time heat goes out to cool air, (hr) 

tb average b.lade thickness (2Ab/p), (ft) 

% average rotor-rim thictiss, (ft) 

T keqerature, (OF) 

Ta 
Tt3 

temperature of cooling air, (OF) 

effective temperature of exhaust gaeea (teqerature that 
determines heat flow from gas to blade)(ref. 2, p* 3), 
(OF) 

Tr 

x 

temperature at wheel rim, (OF) 

distance from blade tip to general blade point, (ft) 

Y 

0 

distance from flange tip to general flange point, (ft) 

temperature difference between ddoling air or exhaust gas 
and metal, (OF) 

2h flange length, (ft) 
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ANALXXCSOF TEMPERATWREDISTBIBUTTCN 

Blade Temperatures 

The assumed blade. shape is shown in figure l(a). The area and 
the perimeter are assumed uniform and the thickness is assunied small 
in comparison with the other dfmensions. At each blade tip is a 
flange, the-outside of which is exposed to cooling air. The flange 
extends to the next blade to form a nearly continuous rim around the 
outer end of the blades. The thictiess of the flange is the same as 
that of the blade. The assumptions used in the calculations for 
this blade are as follows: 

(1) The flange temperature8 are appximated by the arrangement 
shown in figure 1. 

(2) The temperature changes In other than the radial direction 
are neglected. 

(3) The variations In area, perinreter, thermal conductivity, 
and heat-transfer coefficfent are negligible for any given sectfon; 
that is, constant mean values can be used. 

(4) The effect of radiation fs neglfgible. 

(5) At the junctions of the various sections, tempemture and 
heat flow are continuous but temperature gradients are not continuous 
at area diecontinuities. 

The flange can be considered as a plate of constant area and 
equations baaed on that assumption will give the same temperature 
distribution in the blade Groper as wfll the use of assumption (1). 

From considerations of symmetry; it ie clear that midway between 
the two blades, that is, at each end of the flange, dT/dy = 0 
because there can be no heat flow across these sections. 

An almost equivalent arrangement, as far as temperature dfstri- 
bution is concerned, is shown in figure l(b), where the flange ends 
are folded back along the x-axis instead of along the y-axis. ThUS, 
the heating and the cooling surfaces are the same as for the 
arrangement shown in figure l(a) but the equations for the flange 
and the blade proper can be fitted together more easily. 
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7or the two elements of flange dx..(fig. l(b)) (blade width is 
assumed large c&pared wPth tb ao that it has the value p/Z), 

dT I! Heat enteritng left aides by conduction = -k 2tb -E 2 

HEtat'entering from.hot gae = qj,' 2dx (Tg - T) g 

l 

where qI1 i= 91 modified.for blade thiclmess. 

Heat leaving right s2lfde by-conduction = 

Heat 1eavMg to cboling air = c+, 2dx (T - '7,) f 

When the heat entering the elenient fe*equatsd, to the heat leaving the 
element,. 

-k 2tb g + qi! 2dx (Tg -,'T) = -k 2tb = -k 2tb rz k + q. 2& (T _ Ta) dx - 

1 .- - 

where 

d2T %I + qir Q Ta + 91' Tg. ---I_- 
dx2 ktb 

T= - 
ktb 

d2T -I- - p2,= ~7~ . 
dx2 

A convenient solution is 

T = F + G cash p (x + A) 

where 
90 Ta + 91' Tg F=-- 

9, + Qi' 

(1) 
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and the assumed boundary condition on the left end is 

dT/dx:= 0 

when 

x = -h ’ . , , 

For the blade proper, from x = 0.' to x = 2, the heat.equation is 

tb k$ dx,= qi 2dx 8 

where 

or 

e = Tg - T 

where 

A suitable solutfon of the foregoing equation is 

Tt3 - T = C [cash P (x - B)] (21, . 

Rim and Rotor Temperatures 

The rim and the rotor of the turbine wheel are solid disks. 
The difference In shape (fig. l(c)) lies in the fact that the rim 
has a unfform thickness in the axfal direction, whereas -t;he rotor Is 
usually of constant strength with variable thickness. -In many cases 
this variation is of such a nature that the area norms1 to a radius 
from the rim to a point where the constant-strength contour is 
abandoned Is approximately constant; that is, as the radius increases, 
the thickness decreases in approximately the same proportion. 
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An element of the rim to be considered is 2rrr t, dr. 

Heat entering the outer surface' of element= k27ctr(r+d.rj[~+&~) dr] 

Heat leaving from one side surface element = (2flr dr) qo' (T-T,) 

dT Heat leaving Inner surface. of element = k2at,r dr 

If 6 is substituted for T - T, 'and the heat leaving the 
element is equated to that..sntering, the resulting equation becomes 

d2f3 
ar2+ 

The solution of this equatfon 
and (53)) as 

lde qo. mm-..-= -6 
rdr kt, 

is given in reference 3 (equations (65) 

(3) 

In the variable thlcknees section, the flow area A, (=2Kr t). 
is constant resulting in the following heat balance: 

Heat enterin$ outer surface of an element A, dr 1s 

Heat having one side = 2rcr dr q,' 8 

Heat leaving :nner surface.= k A dQ +- rdr 

When the heat entering the element Is equated to that leaving 
and the equation is simplified 
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where 

A solution fs 

8 =TTT a = r1i2 A i1j3 JBli3 (2/3 U ir3/2) 

after application of the boundary condftion 

when 
CL0 
dr 

These Bessel functions are tabulated in reference 4. 

Validity of Assumptions 

Equations (IL), (Z), (3), and (4) give the complete temperature 
distribution throughout the turbine in a radfal direction in terms 
of the exhaust-gas and the cooling-air temperatures, the surface 
heat-transfer coefficients,thermal conductivity, and the turbine 
dimensions subject to the assumptions made. 

The examples for which calculations were made show emall temper- 
ature changes through the thiclaress of the blade because the blades 
are thin. Between the lending and the trailing edge of a turbine 
blade, a large temperature difference exists, in some casea 500 or 
600 F, which'ie probably due to hot gas temperatures at the leading 
edge and perhaps large value8 of ~1 caused by d&rect fmpact. The 
equatfons gfven are for temperature changes down the blade center, 
which result in mean values. 

The variations in area, perimeter, conductivity, and heat trana- 
fer are not large in most cases. Zour dffferent valuea me prmi4- 
sfble, one in each region; therefore, values ars averaged over only 
a small region and not over the entlre turbine. Finer subdivisions 
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can be ueed if neceeeary. If a large taper exists an a blade, equa- 
tion (2) can be modified to agree with the law of taper. For the 
rator, Q would be expected to vary with the velocity of the air 
ralativa to the rotor. When q. varies nlth r in a regular way, 
equation (4) can be modified. 

. The effect of radiation is to modify the valuea of F, Tg, j.~, 
and u in equations (1) and (2). With aeerumed values for a convcn- 
tional type of blade, the effect on F and Ts was negligible. The 
effect on p and V ie larger, of the order of 10 percent in cne 
case, but allowan~ can be made for thie effect by increasing the 
value of-.qi- by a con&ant amount for each temperature; therefore 
the form of the equation will not be affected. An eetim=rted amount 
could be added to the value of qi to correct for the radiation. 

The area change8 are not actually diecontinuoue but the fill&e, 
a~l a rule, do not have large radii. Accardirgly, it ia simpler to 
u8e aersumption (5) because the errore caused by this procedul-e will 
rapidly disappear ae the distance from the Junction point increasee. 

Effect of IncreBBea'Cooling on the T&Ip8ratUIW Di&ributian 

In the case of air-cooled engines, the over-all heat tranefer 
ifl increased by attaching Pins to the out&idle eurface of the cyl- 
inder8. Thus, by tha addition of fina the aver-all value of qc 
can be increased -La several timeEl ite value without fins. The same 
method can be used.for turbine >art~ where-there is raam for the 
fins either on the rotor or on tho blade rim. The blade proper can- 
not be cooled by fSne but only by partial.admie~ion of cooi air or 
by circulating cool fluid8 thmugh hollow openings ineide the blades. 
For coaling by partial admielsion of air, equation (2) in modified 
a8 followe: In the stoady-flow etate, the heat entering an element 
of blade length ti In time Ti ifs 91 p (Tg - T) 71 drs Tho heat 
lost in time To irj 5; -p (T - T,) -ro dx; The total gas flow is 
unchanged; therefare the &LB velocity and-hence 0 will be larscr 
than before. 

The difference between these two values ie the net heat gained, 
which ie equal to the difference between the heat entering one end 
of element dx and that leaving the other end in time '0 + TiJ 

ST P qi Ti (Tg - T) - p -G Ta.(T - Ta) = -k Ab (Ti + To) - 
dx2 
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or 

11 

and 

I 

M2 = qi Ti + G To p 
"% 5 + To 

= - 91 
1 + n E&l 

k Ab l+n . . 

qiTg+.n%Ta ., . ~ ,: .@= . 
q,+nq, 

'= Tg + II T, (T&, qi> . :. :. 

1 + n E al q,? 

A solution.of this equation 18 

Q-T = C cash M (x - B) (5) 

When equation (5) is substituted far equation (21, the tempera- 
ture distribution c&n be calculated. When n = 0, equation (5) 
become8 identical with equation (2). b' 

APPLICATION OF ANALYSIS 

The foregoi* analysis ie ueed to.detemoine the,effect an blade 
temperatures of varying amounts of cooling applied.to.the f7we an 
the blade rim, with a fixed temperature at the blade root, The 
following section presents the temperature distribution through the 
turbine a8 calculated for a small. amount of~eooling:-without fina, 
far four timea a8 much cooling obtained with fins (limited to four 
to avoid bending streeEte8 in the fins exceeding 3O,COO.lb/sq in.), 
and for partial admission of cool air both.wfth and without fins. 
The dimension8 of a conventional single-&age im2ulee exhaust turbine 
are used in these calculations. The turbine la assumed to be 

. 
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oRerating at an altitude of 25,000 feet, where T, c -310 F and the 
ratio of sea-level pressure- to altitude pressure-t6 2.7. 
is aaaumed to be 21,300 r-pm. 

Wheel apoed 
', 

Effect of l?l+ge,Cqoling and Thermal. Conductivity 

on Blade Temperatureg 

The following ‘data are assumed for cooling without fins: 

2 = 1.2 inches = 0.1.foot .- _ j 

k = 14.5 (Btu)/(sq ft)(hr)(°F/ft)(Vitalllum) 

tb = 0.0657 inch _ = Of00548 foot 

91 = -44.2 (Btu)/!hr)(sq ft)'(aF) '(This value wan obtalned from refer- 
ence 5 using a gae flow of 2.12 lb/sot.) 

Zh - t Q'= 2h 91 = 33.9 (Rtu)/(hr)(sq ft)(OF) 

T r = 900° F - -.. -7 

T& T 1,623' F (found'from the nozzle-box temperature of 2000' F by 
ueing the expansion ratio 2.7 and the gas velocity relative 
to the rotating bladea) 

90 = 44.2 (Btu)/(hr)(eq ft)('F) (ThiS value wae obtained from 
Reynolds analogy;using appropriate,flat plate values of 
the friction coefficient.) 

h. = 0.135 inch = O.ll.25 foot : 

(2) .(44.2) A/- * 
u = (14.5)(0.00548) 

= 33.4 (UT = 3.34) , 

44.2 + 33.9 P = (14.5)(0.00548) = 31s08 (? 
= 0.3493) 

F= (-44.2)(31.0) + (33.9)(1623) = 6870. F 
44.2 + 33.9 



Equatione (1) and (2) & be sdlved for the three 'con&ants C, 
B, and G frcim the bou&ary cdnditiom tihen x = 2, T =.T& 'and 
when -x = 0, 'k (f&n eqtiatiori (1)) '= T.'(froro eq&tion.(2)) and the 
heat flowing out of the flange is equal to the heat flowing.into the 
blade, that is, 

or 
. 

2 Gi~ainh&',=CU ainhuB .@I 

I 
'Ti - T, p ,y Fc,oshU ‘(2 & . (71 I. 

and . . 
. . . 

F + G cash ph = Tg - C cash B (8) 

The eltiinatiitin bf C tid "G bk'the me of equations (6) and 
(7) gives. 

P+; 
L 

Tg - Tr -u s2n.h UB 
coshU(2 -B) 11 2p tati 1 ph 

= Tg - 
(Tg -.,,Ty) cash uB 

cash v (2 - B) . (9) 
. 

which is eolved for B . . '. . 
Tg - F 
T 

tanhuB =. 
-Tr,yoshU2 :l .- 

1) 
+ pg - F,. . ehh v2 

2~ td PA Tg - Tr,. 

When the aemmed values are substituted 

B = 0.402 2 or 0.0402 foot- .; -!-':'-, .".' .- :-' - 

c = 192..6=‘F _‘. _ :. . _. . . 
L 

G= 516O F 
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When these valuee are sub&i&ted In: equations (1) and (Z), the 
curve for the blade temFeraturee obtained without fine can be found. 
It is plotted-in figure 2- as a solid curve. The other three solid 
curvea were found.by setting 

q0 = 0 (without flange cooling) 

s, = 4 x 44.2 (fins on flange and free-air cooling) 

40 = CO (infinite coolUg; limiting ca8e for flange cooling) 

Other amounts of cooling would give rise to intermediate curves. 

A similar set of curves (dashed Linea in fig. 2) wae computed 
with twice.the value fcr the heat-transfer coefficient, that i8, 
with qi I: 88.4 and q$ = 67.8, A temerature-distribution curve 
was computed for copper, a hi&-conductivity (k = 260) metal, uelng 
a high heat-transfer coefficient (ql = 88;4); 'Other conditions were 
the 88918 (fins on the flange). The curve is alio shown in figure 2. 

a. .  

Temperatu~.Dietribut~~~.t~~h the Turbine 

The assumed conditiona .for the;turbine wheel are ae followe: 

number of nozzles‘= 38 

Ar = 14.96 squ~o .3nchea = 6.1039 square foot 

k = 12.3. (Btu)/(hr.)(eq ft)(oF/ft) (owing to lower temperature of 
rotor) .. 

b' = 36.7'(Btu)/(hr)(sq ft)(oF) (Thie value is less than q. because 
the velocity of thie gal-t of the wheel ie lees than that of 
the blede.tips.) 

t, = 0.69 inch = 0.0575 foot 

area of outer rotor section = 3 33C 
area of blade . 

area of equal-strength section of rotor e 0.822 
area of inner rotor section 
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. The radial. distance at the point where the ccnstant-area sec- 
tion joins the constant-thictiese section is 4.2 inches or 
0.3500 foot. The point where the blades bave'the constant-thickness 
rim is 0.3963 foot. The value of x is 0.4983 - r. At the three 
junction points, r = 0.3500, r = 0.3983, r = 0.4983 foot, the' 
temyratures and the heat flows must be continuous; therefore, six 

equation8 are obtained to determfne the six integration constants 
B, C, D, E, G, and A. 

The reeults -of.theqe~calcu.latfons are shown in figure8 3 to 5. 
The curves for cooling without f-ins were computed using the values 
90= 44.2, 90' = 36.7, and qi = 44.2. The curves for cools 
with ftis were computed wing the vaLe8 q. = 4 x 44.2, 
b' = 4 x 36.7, and, 'q% ~44.2. The %hree sxhauet-gas tem-peratures 
used were 2000° F, ,160Oo F, and 1600° F, which corres$ond to 
effective exhaust-gas temperatures.' Tg of k623O F, 1452' F, and ' 
1281° F, respectively. By substitutfon of equation (5) for.equa- 
tion (2), the effect of wtKL admission of cooling air can be 
found. This effect is shown in figure8 4 and 5. .: 

Three additional calculations were made using a value of 
qi = 2 x 44.2;. these-curves .are 'plotted ti f@ure 6 and show the ' 
temperature dfetribution through the turbine for various values of 
k fn the rotor and the blades. The'curve tith the highest peak 
uses k = l2 in the rotor and k = 14.5 in the blade; the next 
has k= l2 in the rotor and k = 260 in the blade; the curve : e 
with the lowest peak uses k = 260 throughout the turbine'.' These 
last calculation8 were made to find what could be expected from 
copper in an unfavorable case. 

DLSCUSSION OF CURVES L 

Figure 2 shop:8 that, when no cool+g is used on the flange, . 
the blade tiD is the. hottest spot, and'the temperature of this hot 
Bpt is quite near the effectfve exhaust-gas teM-$erature.. Whenever " ~ 
cooling is applied to the flangs, the hgttest spot fs a'point not 
far from the blade center, the exact location of which depend8 on 
the amount of,flange cooling used. The more flange cooling that .is 
ayplfed, the nearer the hot spt moves toward.the blade root. When 
infinite cooling is applied, the hot s$ot is .about three-eighths of' 
the blade length frzm the root.' The high heat-transfer coefficient 
raise8 the hot-e+ temperature consIderably; with infinite coaling :' 
from 1210° F to 1410° F. When copper (k = 260) is substituted. . 
for Vitallium (k = 14.5), the temperature through the blade becomes 
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much more nearly uniform and the hot spot is hardly notlceable, being 
only slightly hotter than the outer half .of the blade. The hot -Spot; 
temperature is about 1070° F as com?aredwith 1480° F for Vitallium 
hi = 68.4 and fins on flange). 

The curve8 of temperature distribution throughout the entire 
turbine (figs. 3, 5, and 6) show that the fins on the wheel cool it 
very markedly, close to the cooling-air tem?rature near the center. 
The wheel r$m (blade root) can also be kept fairly cool - 8000 E 
with fins for the hottest exhauBt-gas temperature (20000 F) (fig. 5) 
as compared with 990° F without fins (fig. 4). The hot spt is cooler 
in the first case (1310°.F) than in the second (145OO F). If cooling 
is eXpeBBf3d 88 a percentage of thetemperature difference between 
the hot gas and the cooling,airj these value8 become 8-percent cooling 
for the hot spot and ILL-percent cooling for the blade root. 

When cooling by partial bdmlssion using 40 percent of the nozzles 
I and a gas tknperature'of 20000 $i the..riM may be cooled from 990° F 

to 7600 F and the hot Bpot fr%rn i45Oo F to 10800 F (fig. 4). If both 
fin.8 and partial admission are used, the wheel rim (blade root) is 
cooled from 990' F to. nearly 600° F and the bot spot from 1450' F to 
nearly lOODo F. ThUB fin8 on the rotor co01 the blade rOOt BatiS- 

factorily but are not ao.effect$ve on-the hot agot. On the other 
hand., partial admission of.cooling air t+d.a to cooi the hot spot 
better than the finning but is not ao effective on the blade root. 

If more than a few hundred degree8 Fahrenheit of cooling are 
required, other means than finning would.probably be necessary. The 
amounts indicated here could produce some improvement in efffciency 
and a large ticrease in durability of the wheel. 

The following results were derived from celculat:ons baaed on 
an analysis of the cooling of an exhaust-gas turbine by addition of 
fins, partial admiBsj.on of cooling air, 8nd change in thermal con- 
ductivity of turbine components: 
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. . . . ;. 
, 1% .The cooling due 'to the &hition cf cfrc@erential fina ie:- 

. *, .' 
-- 

cooling 
.*atthe. '. . ', 

blade .' 
.root, 

24zd.laue-t - Cooling 
gas tern- at 'the : 
per&turn-~ hottest. 

cQF) point . 
(OF) pm-' 

centa .-a-. 
. ._ 16UO 106 8 150 -1i 

1800 .I20 8 160 11 
2000.. 140 8 190 .a . 

: 

aPercent cooling = -&empcrature decrease .' - 
effective gas temperature - air temperature 

2. The cooling due to pe,r$,ial admission of cotili@ ati for an 
eXhm8t-ga8.t87Qx'&ire of 2-0000° F i8: 

NOZZleS used 
for cooling 

(perce.nt) 

% - 

13 
26 
40 

COOling 
at the 
hotteat 

Cooling 
at the 
blade 

.3. When both cooling fiqs and @ ial admissioq of. cooling air 
are used at the came time, the.reeultant coolin@; is 8lfghtly 1688. 
than the 8um of the separate ex@ounte, that is, 2kI" F and 350a F 
for the first two c&868 compared with 2500 F and.3700 F. 

CONCLUSIONS 

1. If more than a few hundred degres8 of cooling of turbine 
blade8 are required, other mean8 than indirect cooling with fin8 
on the rotor and outer blade flange would be necessw. 
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2. The amount of cooling indicated for the type of finning used 
could produce 8ome improvement in efficiency and a large increase iti 
durability of the wheel. 

3. If a large difference ie to exist:between the effective 
temperature of the exhauet @;a8 and that of the blade material, a8 
muat be the Caee with present turbine material8 and the high eXhaU8t- 
aa8 temgerakree desired (2000° + and abode),.%ti &ernatives are 
8U43@3 8ted : 

- 

(a) If metal with_ a.thermal Gonduc$ipitg cvrable with copper 
ie ueed, then the blade temgerature8 c& $&$&i&d by strcjng cooling 
at both the blade tip and root. The center of the blade ~111 be lese 
than 200' F hotter than the ends. 

(b) With low conductivity material8 some method of direct cooling 
other than partial admission of cooling air la essential. 

4. From the present study, it can be deduced that indirect cooling 
of turbine bladea till not make po8eible.large increases in effective 
gas tempera,ture. - i- 

Aircraft Engine ReeeaTch Laboratory, 
National AdvieoPy Committee for AerOnaUtiC8, 

Cleveland, Ohio. 
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Faqure 2. - Torpcreture dlerrlbutton of turbine blade with end wttbout 
fins for en l rheust-ger trm#ereture l f 200D” f. 
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(a) Exhaust-gas temparetere, L600° F. 

figure 3. - Tenparature distribution in rotor and bladas. 
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Fig. 3b 
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(b) Exhaust-gas temperature. 1800° F. 

Figure 3. - Concl udad. Temperature drrtrlbution in rotor and blades. 
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of coo l ing  a i r  a n d  wi thout flnr. Exhaus t -gas  tarporaturr ,  2000°  F. 
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Figure 6. - Temperature distribution through turbine with partial admission ot 
cooling air and with fins. Exhaust-gas temperature, 2000° F. 
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Figure 6. - Temperature diatrlbution through tuibina with hrgh valuer of heat- 
transfer cotfficlent (qi f 2 x ‘N.Z), cooling fins. and rotor and blade of 

. different thermal conduetlvrty. 
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